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ELECTROMECHANICAL DELAY AND RATE OF FORCE DEVELOPMENT
IN INDIVIDUALS WITH KNEE OSTEOARTHRITIS
S.L. Smith, J. Woodburn, M.P. Steultjens. Glasgow Caledonian Univ.,
Glasgow, United Kingdom
Purpose: Individuals with knee osteoarthritis (KOA) demonstrate
muscle dysfunction which may affect the electromechanical delay
(EMD) and rate of force development (RFD). EMD refers to the time
required for the series elastic component (SEC) to take up the slack of
the surrounding tissue prior to stretching the SEC and force being
produced. The time required to stretch the SEC may be affected by
muscle dysfunction and joint laxity potentially elongating EMD. RFD
refers to the rate at which force can be produced, which is thought to be
affected by muscle strength and the muscle tendon complex, both of
which are potentially impaired in KOA. EMD and RFD have yet to be
investigated in individuals with KOA.
The aim of this study was to 1) assess the difference in EMD and RFD in
individuals with and without KOA 2) assess the relationship between
EMD; RFD and joint damage; pain; frontal plane laxity in individuals
with KOA.
Methods: Maximal voluntary isometric contractions where performed for
kneeflexionandextension at 50degkneeflexion for themost symptomatic
knee in KOA and randomly assigned knee in controls. Electromyography
(EMG)was assessed in 77 individuals (62.5±8.1yrs; 29.4± 6.0kg/m2)with
KOAand18age and sexmatched controls (62.5± 10.4yrs;24.3± 3.7kg/m2)
from 5 sites (biceps femoris; semitendinosus; vastus lateralis/medialis;
rectus femoris). EMD was defined as the time between the onset of EMG
and onset of force. The onset of EMG and forcewere defined at±2SD from
resting baseline EMDmaxwas defined as the longest EMD for eachmuscle
group. RFD was defined as the change in force over the change in time
between25%and75%peak force.MRIBostonandLeedsOsteoarthritisKnee
Score (BLOKS) was used to assess joint damage. Pain was assessed using
visualanalog scale (VAS) for thepast 7days andcurrentpainprior to testing
for both left and right knees, and Patient Reported OutcomeMeasurement
Information System (PROMIS) pain (intensity; behaviour; interaction).
Frontal plane knee joint laxity was assessed with participants seated with
their knee at full extension secured at the lateral epicondyles and proximal
to themalleolus. A7.7Nmwasapplied in thevalgus andvarus direction and
the total displacement measured as frontal plane joint laxity. Differences
between groups were assessed using T-Tests and linear regression to con-
trol formuscle strength andsex. Relationships betweenEMD/RFDand joint
damage, pain and frontal plane laxity were assessed using Pearson’s’ cor-
relations for the KOA group only.
Results: There was no difference between KOA and control participants
(P>0.05) for individual muscle EMD; EMDmax or RFD, when controlled
for muscle strength and sex RFD was significantly reduced in KOA
compared to controls (P¼ 0.0001). When controlled for muscle
strength and sex EMD (RF; VL; BF; hamstrings EMDmax; quadriceps
EMDmax) were negatively associated with VAS pain current left and
right knee and past 7 days left knee. EMD (ST; BF; hamstring EMDmax;
RF; VL; quadriceps EMDmax) were negatively associated with PROMIS
pain (interaction; behaviour; intensity). There was no association
between EMD or RFD and BLOKS. There was no association between
RFD and VAS pain; PROMIS pain or laxity. Frontal plane laxity was
negatively associated with VL EMD (r¼0.270, P¼ 0.026).
Conclusions: Therewas no difference in EMD between KOA and controls
however RFD was impaired in individuals with KOA. Increased pain was
associated with shorter EMD, in the absence of evidence two possible
mechanisms are proposed: pain inhibition and soft tissue mechanical
properties. Firstly painmay inhibit forceproductionandcompletemuscle
relaxation reducing the amount of slack required to reel in, thus reducing
EMD. Secondly the mechanical properties of the soft tissue which affect
both pain and EMD such as tendon elasticity may be affected in indi-
viduals with KOA. Further investigation is required to explore the
mechanisms underlying the relationship between pain and EMD.
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GENDER DIFFERENCE IN KNEE JOINT LOADING: CROSS-SECTIONAL
STUDY IN NORMAL GERIATRIC POPULATION
D. Ro, H. Han, B. Kim, S. Lee, M. Lee. Seoul Natl. Univ. Hosp., Seoul,
Republic of Korea
Purpose: Female gender is well-known risk factor for development
and progression of knee osteoarthritis (OA). However, the reasonsare unclear and biomechanical explanation for this is also limited.
This study investigated gender differences in knee biomechanics
and investigated determinants for difference in a geriatric
population.
Methods: Age-matched healthy volunteers (42 male and 42 female,
average age 65 years) without radiologic knee OA were included in the
study. Subjects underwent physical examination on their knee and
standing full-limb radiography for anthropometric measurements.
Linear, kinetic and kinematic parameters were compared using a three-
dimensional, 12-camera motion capture system. Gender differences of
gait parameters were evaluated and determinants for gender difference
were evaluated with multiple regression analysis.
Results: Females had relatively wider pelvis and narrower step width
(p<0.001). Despite the shorter stature of women, gait speed was similar
to males and it was due to higher cadence. Females had a higher peak
knee adduction moment (KAM) and knee extensionmoment during the
single-limb stance phase (p<0.001 and 0.009, respectively). However,
neither static nor dynamic coronal knee alignment was different
between the genders. Multiple regression analysis revealed that peak
knee varus (b¼ 0.014, p<0.001), step width (b¼0.010, p¼ 0.011), and
pelvic width/height ratio (b¼ 1.703, p¼ 0.046) were significant deter-
minants of peak KAM. Because peak knee varus was not different
between the genders, narrow step width and high pelvic width/height
ratio of female were the main contributors to higher peak KAM in
females.
Conclusions: Gender differences in knee biomechanics were present in
the geriatric population. Increased mechanical loading on the female
knee, which was associated with narrow step width and wide pelvis,
may play an important role in future development and progression of
OA.
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EVALUATION OF KNEE (IN)STABILITY DURING GAIT IN RESPONSE TO
CONTROLLED LATERAL PERTURBATIONS
J. van den Noort y, L. Sloot y, S. Bruijn z, J. Harlaar y. yVU Med. Center,
Dept. of Rehabilitation Medicine, Amsterdam, Netherlands; zVU Univ.,
Dept. of Human Movement Sci., Amsterdam, Netherlands
Purpose: Over 60% of patients with knee osteoarthritis (OA) report
knee instability during daily life, experienced as buckling, shifting or
giving way of the knee during walking. A valid measure for knee sta-
bility is imperative to discriminate different levels of instability in
patients, to aid treatment selection and to quantify treatment outcome
. Measures like joint laxity (passive test) or knee varus-valgus move-
ment during normal walking were shown to be unrelated to self-
reported knee instability or to each other. Quantification of the knee
response to external perturbations could be a good measure of knee
instability.
The aim of this study is to quantify the knee movement under
controlled external lateral perturbations in healthy subjects, in order
to evaluate the ability of the healthy knee joint to maintain position
or to control movement back to a normal walking pattern. This
ability is parameterized by the concept of the gait sensitivity norm
(GSN), previously used in robotics, which expresses the variability of
gait indicators (i.e. gait parameter response) as a result of
perturbation.
Methods: Nine healthy participants (age 24.4(1.7) years) walked on a
treadmill (Motekforce Link B.V.), while 3D kinematics were measured.
Lateral perturbations of the treadmill were randomly applied at 5 dif-
ferent intensities (2e5cm, 15 repetitions each) during right stance
(20e50% gait cycle).
3D joint angles of the right knee were selected for 5 strides (i.e. the
perturbed stride and the following four gait cycles) to extract gait
indicators g (flexion, ab/adduction, rotation) and time-normalized. To
quantify the knee response, the difference between perturbed gait gp
and normal gait gn was divided by the standard deviation sd of normal
gait:. This response is named the Perturbation response (PR), which is
used as numerator in the GSN-equation (GSN¼ PR/perturbation
magnitude).
To test for significant changes in PR due to perturbation, a generalized
estimating equation (GEE) was used on different parameters per gait
cycle, i.e. PR at initial contact (IC), opposite toe-off (OTO), midstance
(MST), opposite initial contact (OIC), toe-off (TO) and midswing (MSW),
as well as peak PR, timing of the peak and root mean square PR (RMS).
Linear regressions were performed to evaluate whether PR linearly
